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In the HYPER-I device, a microwave of 2.45 GHz
from a klystron ampliﬁer (CW) was introduced into a
vacuum chamber with an inner diameter of 300 mm and
a length of about 2000 mm along an axial magnetic ﬁeld
through a quartz window at an end. Since the axial
magnetic ﬁeld was divergent and its intensity slightly de-
creased with a distance z from the window, a plasma was
produced and sustained at an electron cyclotron reso-
nance layer at z  1065 mm (875 G). In the previous ex-
periment of the amplitude modulation of the microwave,
we observed that plasma densities (Ar+) varied with the
frequency of the amplitude modulation of the microwave
and its 2nd and 3rd harmonics and propagated with a
speed of ∼ 3× 104 m/s.
In this experiment of the amplitude modulation of
the microwave, to observe a pressure variation of ambi-
ent argon gas, we set two microphones at z = 1175 mm
and z = 1555 mm, the heads of which were about 10
mm outward from the inner surface of the vacuum vessel
to keep away from the plasma. The frequency range of
each the microphone (AMD-708-RC) was from 50 Hz to
16 kHz and its circuit used is shown in Fig. 1. When the
frequency of the amplitude modulation of the microwave
was swept from 0.2 kHz to 16 kHz with a duration of
8 s between microwave power of 3 kW and 7 kW under
argon gas with a pressure of ∼ 1×10−3 Torr, the output
signal of the microphone at z = 1175 mm was measured
for 0.1 s and its power spectrum is represented as shown
in Fig. 2. This ﬁgure shows two peaks: one of the two
peaks indicates a frequency of about 4.5 kHz, which cor-
responds to the frequency of the amplitude modulation
of the microwave at the time measured; and the other
peak indicates a frequency of about 2 kHz (= ω/2pi).
Since the peak of about 2 kHz was observed for any fre-
quency of the amplitude modulation of the microwave,
about 2 kHz seems to be an eigenfrequency of a sound
wave excited in a cylindrical vessel with a diameter of
300 mm (= 2a) and a length of 2000 mm (= 2pi/kz).
With the use of the relation,
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,
the sound speed of argon gas is estimated as c0  7.8×
102 m/s, which indicates that the temperature of argon
gas is about 1700◦ K.
A phase diﬀerence between the output signals of the
two microphones was not obtained because the coherence
between the two signals was not high enough. However,
the relation between the variations of the gas pressure
and the plasma density will be investigated.
Fig. 1: Circuit of microphone.
Fig. 2: Power spectrum of output signal of microphone
at z = 1175 mm.
Measurement of ﬂow velocity ﬁeld is an important
method to understand self-organization in plasmas. A
variety of vortical ﬂow structures, for example, have
been observed in an electron cyclotron resonance plasma.
These vortices have eccentric features; one has a super-
sonic rotation1), the other has a counter-E × B rota-
tion induced by neutral pressure gradient2). Therefore,
measurement methods required for such experimental re-
search should be (1) less perturbative for ﬂow structure,
(2) applicable to wide range of ﬂow velocity with ro-
bust physical model, and (3) direct measurement of lo-
cal ﬂow velocity. Measurement of Doppler-shifted ﬂuo-
rescence induced by a tunable laser (LIF) matches those
requirements3). In the LIF Doppler spectroscopy, the ac-
curacy of absolute velocity depends on that of laser wave-
length. Therefore, a laser wavelength monitoring system
is required for experimental studies of precise ﬂow struc-
ture, especially when a pulse operating dye laser is used
for the LIF method. While an accurate wavelength is ob-
tained using general wavelength-meters, data acquisition
rate is usually lower than the laser repetition rate (10-50
Hz). A compensative monitoring system, which returns
relative wavelength deviation in real time with a few pm
precision, has been developed. Simultaneous measure-
ment of LIF spectrum and laser wavelength monitoring
signal has been performed in this ﬁscal year.
The wavelength monitoring system consists of a
Fabry-Perot interferometer (FPI) and gated sampling
electronics (boxcar integrators)4). A part of the laser
beam emitted from a pulsed dye laser is injected into the
entrance aperture as shown in Fig. 1. Two biased sili-
con photodetectors are used in the FPI. One measures
light intensity directly, while the other measures an in-
terfered light intensity. Most of the laser beam is injected
into a plasma, and laser induced ﬂuorescence is detected
through an interference ﬁlter by a photo multiplier tube.
By using gated sampling electronics, the interfered, the
reference, and the ﬂuorescent light intensities are held
until the next laser pulse comes.
The free spectrum range (FSR) of the FPI signal is
determined by the thickness of the etalon. Two etalons
with thickness t = 1mm and t = 1.5mm were prepared.
Interference signals shown in Fig. 2(b) suggest that FSRs
are 0.12 and 0.08 nm, respectively. Since the wave-
length range required for covering the Doppler shifted
and Doppler broadened spectrum of ions is about 0.1
nm as shown in Fig. 2(a), the etalon with t = 1mm is
appropriate for indicating wavelength within a monoton-
ical change.
An LIF spectrum shown in Fig. 2(a) was measured
for an argon plasma in the HYPER-I device. The spec-
trum is well ﬁtted by two Gaussian with the same broad-
ening; wavelength diﬀerence of two peaks is 0.018 nm.
Because the laser was injected along the magnetic ﬁeld
and was reﬂected at an quartz window in the other end,
argon ions ﬂowing along the magnetic ﬁeld suﬀered from
resonant excitation by co- and counter-going laser. Half
of the wavelength diﬀerence indicates that the parallel
ﬂow velocity v‖ = 4.4km/s.
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Fig. 1: Schematic of the experimental setup.
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Fig. 2: (a)Laser induced ﬂuorescence simultaneously
measured. (b)Interference signal of two diﬀerent thick-
ness etalons. Open diamonds represent that for t =
1.5mm, ﬁlled circle for t = 1mm. Solid curves represent
sinusoidal ﬁttings.
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